This paper focuses on assessing sustainability of supply chains. In this paper, at first, we propose network dynamic range adjusted measure (RAM) model. Then, inverse version of network dynamic RAM model is proposed. Our inverse network dynamic data envelopment analysis (DEA) model changes both inputs and outputs of decision making units (DMUs) so that current efficiency scores of DMUs remain unchanged. We change inputs and outputs without any change in efficiency score of DMU under evaluation while inputs and outputs may have large ranges. A case study shows efficacy of our proposed model.
Introduction
Nowadays, our earth encounters a number of difficulties such as air pollution, little or lack of water resources, energy inefficiency, destruction of forests, etc. For this reason, supply chains should be responsible against environmental issues. Mentzer et al. [1] defined supply chain management (SCM) as "the systemic, strategic coordination of the traditional business functions and the tactics across these business functions within a particular company and across businesses within the supply chain, for the purposes of improving the long-term performance of the individual companies and the supply chain as a whole". Sustainable supply chain management (SSCM) was introduced by Drumwright [2] and Murphy et al. [3] . Carter and Rogers [4] defined SSCM as "the strategic, transparent integration and achievement of an organization's social, environmental, and economic goals in the systemic coordination of key inter-organizational business processes for improving the long-term economic performance of the individual company and its supply chains". At the moment, sustainability considerations are not just a symbolic action but they are reaction to pressures of nongovernmental organizations (NGOs), media, and green political parties [5] . Many firms have established tough evaluations for suppliers in their supply chain to ensure that the sustainability considerations are addressed seriously [6, 7, 8] .
Data envelopment analysis (DEA) was proposed by Charnes et al. [9] . DEA is a proper tool for assessing relative efficiency of supply chains [10] . In classical DEA models, decision making units (DMUs) are considered as a black box. Lewis and Sexton [11] proposed a network DEA model to deal with divisions in each DMU. Also, most of other traditional DEA models measure efficiency score just in a specific period. For the first time, Färe and Grosskopf [12] proposed dynamic DEA model. Tone and Tsutsui [13] combined network DEA in a dynamic context and proposed a network dynamic DEA model based on slacks-based measure (SBM) approach. They named each period and each division efficiencies as "term" and "divisional" efficiencies, respectively.
In this paper, we propose input-oriented range adjusted measure (RAM) model and clarify why we need to use this model. Then, inverse model of network dynamic input/output-oriented RAM is proposed. To the best of our knowledge, the inverse RAM model with network and dynamic structure has not been proposed so far. This paper has following contributions: The following topics are proposed in this paper for the first time:
 For the first time, input/output-oriented RAM model with dynamic and network structure is developed.
 For the first time, inverse model of dynamic-network input/output-oriented RAM model is developed.
 For the first time, both inputs and outputs of decision making units (DMUs) can be changed in our inverse DEA model.  For the first time, we apply our proposed model in assessing sustainability of supply chains.
 To demonstrate applicability of our model, a case study is given.
Main objective of this paper is to develop a network dynamic input-oriented RAM model and its inverse for assessing sustainability of supply chains.
Structure of this paper is organized as follows. Literature review is presented in Section 2.
Our proposed models are given in Section 3. In Section 4, a case study is given. Managerial implications and conclusions are explained in Sections 5 and 6, respectively. 
Sustainable SCM
As mentioned earlier, environmental and social responsibilities in SCM was started in 1994 and continued by researches such as greening supply chain [14] , greening product [15, 16] , and greening supply chain from product design to end user [17, 18] .
Liu et al. [19] focused on eco-friendly competition between substitutable products and retail stores. They found out that eco-friendly manufacturers obtained more profits because of customers' environmental awareness. Impact of customers' environmental awareness on companies was studied by Zhang et al. [20] . Ghosh and Shah [21] discussed greening costs and impact of greening sensitivity of customers on profit. Xie [22] studied role of policy makers in energy saving.
Assessing sustainability of supply chains is an important topic. Genovese et al. [23] proposed an environmentally extended multi-regional input-output (MRIO) hybrid model to life cycle assessment (LCA) that can be used in emissions assessment of supply chains. They evaluated supply chains based on emissions. Improving sustainability of supply chain management was addressed by Su et al. [24] in situations with incomplete information. They proposed a hierarchical grey-DEMATEL approach. Dubey et al. [25] focused on dynamic nature of SSCM. They addressed both quantitative and qualitative approaches. Kumar et al. [26] assessed suppliers based on SSCM criteria. They applied fuzzy multi-criteria decision making model. Azadi et al. [27] developed a fuzzy model for assessing sustainability of suppliers in terms of economic, environmental, and social factors. Li and Cui [28] proposed network range adjusted measure model to evaluate sustainability of supply chains. Table 1 summarizes previous researches on sustainable SCM criteria and used techniques.
In this paper, we propose inverse network dynamic input-oriented RAM model to assess sustainability of supply chains given economic, environmental, and social criteria. 
Data envelopment analysis

RAM model
In real world, there are differences in measurement unit of variables. Also, in some cases, there might be big ranges in inputs and outputs. Some DEA models can cope with different measurement units which are called unit invariant models [48] . For instance, CCR [9] and BCC [44] models are unit invariant models. On the other hand, there might be zero and negative values in datasets [49] .
Some of DEA models can deal with negative and zero values which are called translation invariant;
i.e., translation of values does not affect results [50] . Additive (ADD) model and BCC model are translation invariant though the input-oriented BCC is invariant under output translation and vice versa [51] . RAM is an extension of the ADD model which is unit and translation invariant [52] .
In this paper, a new extension of RAM model is introduced which is called input/output oriented-RAM model (oriented-RAM). Moreover, we propose the inverse model of oriented-RAM with network and dynamic structure.
Network and dynamic DEA models
Tone and Tsutsui [53] discussed that traditional DEA models deal with DMUs as black boxes and cannot address network structure of DMUs. They proposed a network SBM model and calculated
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"divisional efficiency" of each division in each DMU. Färe and Grosskopf [54] , for the first time, addressed intermediate products and then they extended their work and developed network DEA model [55] . Sexton and Lewis [56] proposed a two-stage DEA model and extended their work to multi-stage networks. Mirhedayatian et al. [57] proposed a network DEA model for assessing green supply chains.
Dynamic DEA was first introduced by Färe and Grosskopf [12] . Tone and Tsutsui [58] proposed a dynamic SBM measure and calculated "term efficiency" for each DMU in each period.
Chen [59] proposed a network DEA model with dynamic effects on network. Park and Park [60] expanded Debreu-Farrell technical efficiency and applied their multi-period model to cable TV service units. Shabanpour et al. [61] utilized dynamic DEA and artificial neural networks to evaluate past, present, and future efficiency of green supply chains. Tone and Tsutsui [13] combined network and dynamic DEA models and proposed network dynamic DEA model.
Proposed models
Oriented-RAM model
Basic RAM model proposed by Cooper et al. [52] is as follows: [62] , in an optimal solution there is: In this subsection, we extend the input-oriented RAM model to a network dynamic model. Suppose At this juncture, the NDIO-RAM model is proposed which is as follows:
.: 
) is a general model in which there is no preference on divisions, inputs, and terms.
Intermediate measures and carry-overs have indirect impact on objective function.
Inverse oriented-RAM model
For the first time, Wei et al. [37] introduced following inverse models (7 and 8) . Their inverse model has been derived from a general radial output-oriented DEA model. .:
, 1,..., ( (7) and (8) .: s .
x i R is assumed to be constant.
The last condition of (13) guarantees that purpose. (9) .
is the optimal objective function value for model (14) .
, 1,..., ). We embed optimal solution of model (13) in its first constraint and optimal solution of model (14) (14), we know the optimal solution of (13), ( ,,
) is a feasible solution for model (14) . Given models (9) and (14) (17) and (20) becomes similar to model (14) . We can prove it by other manner. Dual of model (10) is as follows: (24) is similar to objective function value of model (10) . Therefore, the second constraint of model (24) should be an inequality. Thus, this constraint is redundant. Consequently, model (24) 
Numeric example
Suppose there are 8 DMUs that each DMU has 2 inputs (x1 and x2) and 2 outputs (y1 and y2). Data is shown in Table 2 .
Given input-oriented RAM model (model 9), Table 3 Table 4 . Given model (14) and Table 4 , efficiency scores of inverse models are shown in Table 5 .
As is seen, the efficiency scores in Tables 3 and 5 are similar though some outputs have changed but inputs are unchanged.
The inverse network-dynamic input-oriented RAM model
In classical approach, decision maker changes outputs (inputs) and solves model (8) for calculating a new set of inputs (outputs). Here, for the first time, we propose two approaches: Approach 1. Given presented theorems, here, we extend the inverse input-oriented RAM model (10) to inverse network-dynamic input-oriented RAM model which is proposed as follows:
. : 
Tone and Tsutsui [13] Table 6 which dates back to 2010-2015. Suppliers provide required spare parts of NMI Co. Fig. 4 shows structure of supply chain.
In this paper, we focus on suppliers of NMI Co. Each supplier of NMI has three divisions (see Fig. 5 ). Each division has three inputs including wage cost, energy cost, and material cost (economic factors), and two good carry-overs including green programs and ISO TS (environmental factor), and human care programs (social factor). Also, each division has one fixed intermediate measure (intermediate product) (see Fig. 6 ). First divisions have only two inputs including wage cost and energy cost. First, we calculate DMUs' efficiency scores in 6 years (terms). Given Table 6 , there are huge differences between smallest and biggest values in inputs (big ranges). Thus, our new model (30) can be used.
. : Table 7 demonstrates each division's efficiency and efficiency of terms for each supplier of NMI. As is seen in Table 7 , DMU D has an increasing trend while DMU F has a decreasing trend.
DMUs A, I, and L are only overall efficient DMUs.
To find out changes of inputs and outputs, we utilize following model (31): 
Results of model (31) are shown in Table 4 . Some points can be derived from the results:  Inputs experience very low changes (  Given DMU TIR, it can be found that DMUs with higher efficiency score may have more changes.
 Carry-overs have large changes. Positive changes of carry-overs imply DMUs' shortfall in investments in green programs, ISO TS programs, and human care programs. Conversely, negative changes imply excess investments.
Managerial implications
Key factors of sustainability of supply chains are economic, environmental, and social factors.
Though amount of investment in sustainability factors demonstrates management attention to sustainability of supply chains, investment in each sustainability factor should be proportionate. For instance, in Table 8 , given results of PARS HAM we conclude disproportionate investment.
Amount of investment in green programs and ISO TS is more than amount of investment in human care programs. Negative carry-over changes indicate excess amounts of investment in green programs and ISO TS. Furthermore, PARS HAM has unbalanced investment in green programs during 6 years. On the other hand, positive changes of carry-over (human care programs) imply shortfall of investment in human care programs. Accordingly, main finding of the case study is to know whether or not investment of an organization is proportionate.
Conclusions
As Seuring and Muller [65] addressed, sustainable supply chain is a growing topic. Carbone et al. [66] discussed that there are a couple of factors which trigger companies to apply sustainability principles. Those factors are regulations, scandals, competitors' moves, and customer expectations.
Wittstruck and Teuteberg [67] introduced House of Sustainable Supply Chain that has three pillars including environmental performance, economic performance, and social performance. Li [68] claimed that benefits of sustainability including economic, environmental, and social benefits should be achieved, simultaneously.
In this paper, we proposed a model to assess sustainability of supply chains. For the first time, we introduced inverse network and dynamic model based upon input-oriented RAM model.
As mentioned earlier, RAM model is a unit and translation invariant DEA model. We discussed that the classical inverse DEA models can only determine input or output changes. For the first time, we proposed two approaches to determine input and output changes. We used first approach to determine which inputs and carry-overs and to what extent should be changed. In second approach, 20 inputs can decrease to their lower bounds and increase to their upper bounds. In the first approach, inputs cannot decrease to less than their current values. Negative or positive changes in inputs/outputs demonstrate direction of future investments.
In this paper, we assessed sustainability of supply chains. For prospective researchers we suggest to run our model in fields of assessing production lines, assessing electricity transfer lines, etc.
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